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- The MAILING DATE of this communication appears on the cover sheet with the correspondence addresf- 

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1 . ^ This communication is responsive to 01/17/04 . 
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3. □ Copies of the certified copies of the priority documents have been received In this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 
* Certified copies not received: . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
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DETAILED ACTION 

1. Claims 1-29 are pending in this application. Claims 1-2, 10-11, 15-16 and 23-24 
are amended in the amendment filed on 02/17/04. 

EXAMINER'S AMENDMENT 

2. An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with Mr. Morris Liss on 03/04/05. 

In claim 10, please replace in line 1, [similar] with "similarity" 
In claim 11, please replace in line 1 [similar] with "similarity" 
In claim 23, please replace in line 1 [similar] with "similarity" 
In claim 24, please replace in line 1 [similar] with "similarity" 

Allowable Subject Matter 

3. Claims 1-29 are allowed over the cited references made of records. 

The following is an examiner's statement of reasons for allowance: None of the 
known prior art alone or incombination neither teaches nor suggest: 

For claims 1 and 15, "a first step of vector index preparation of dividing N 
components into m ordered lists in a predetermined method with respect to the 
N-dimensional real vector V of each vector data in said vector database, preparing m. 
partial vectors v1 to vm, subsequently tabulating a distribution of a norm of the partial 
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vector vk (k = I to m), preparing a norm partition table which contains a predetermined 
number of norm ranges, calculating a region number d to which said partial vector vk 
belongs in. accordance with predetermined D region center vectors pi to pd, tabulating 
a distribution of a cosine (Vk*Pd)/(IVkl *IPdl) of an angle formed by said partial Vector 
Vk and the region center vector pd as a declination distribution, and preparing a 
declination partition table which contains a predetermined number of declination ranges; 
a second step of the vector index preparation of dividing N components into m ordered 
lists in the same method as said first step with respect to the N-dimensional real vector 
V of each vector data in said vector database, preparing m partial vectors v1 to Vm 
referring to said norm partition table, to calculate a number r of the norm partition to 
which the norm of said partial vector Vb belongs with respect to the partial vector vb (b 
= I to m) for the partial space number b, calculating the region number d to which said 
partial vector vb. belongs in accordance with the predetermined D region center vectors 
pi to pd in the same method as said first step, calculating a declination 
(Vb*Pd)/(IVbriPdl) as a cosine of an angle formed by said partial vector vb and the 
region center vector Pd indicating a center direction of the region of said region number 
d, referring to said declination partition table, calculating a number c of the belonging 
declination partition, and calculating index registration data to be registered, in a vector 
index from said partial space number b, said region number d. said declination partition 
number c, said norm partition number r, the component of said partial vector vb, and the 
identification number i; and a third step of the. vector index preparation of constituting 
the vector index such that the identification number and the component of each partial 
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vector can be searched using a ordered list of the partial space number b, the region 
number d, the declination partition number c and a norm partition number range (r1-r2) 
as a key from said -norm partition table, said declination partition table, and said index 
registration data, and such that the vector component of each vector data cart be 
searched with the identification number of the vector component." 

For claims 2-9 and 16-22, "a first step of vector index preparation of dividing N 
components into m ordered lists in a predetermined method with respect to the 
N-dimensional real vector V of each vector data in said vector database, preparing in 
partial vectors v1 to vm, Subsequently tabulating a distribution of a norm of the partial 
vector vb (b = 1 to m) for each partial space number b, preparing a norm partition table 
which contains a predetermined number of norm ranges, calculating a region number d 
to which said partial vector vb, belongs in accordance with predetermined D region 
center vectors p1 to pd, tabulating a distribution of a cosine (Vb*Pd)/(IVbl*IPdl) of an 
angle formed by said partial vector vb and the region center vector pd as a declination 
distribution, and preparing a declination partition table which contains a predetermined 
number of norm ranges; a second step of the vector index preparation of dividing N 
components into m ordered lists in the same method as said first step with respect to 
the N-dimensional real vector V of each vector data in said vector database, preparing 
rn partial vectors v, to v. referring to said norm partition table to calculate a number r of 
the norm partition to which the norm of said partial vector vb belongs with respect to the 
partial vector vb (b = 1 to m) for said partial space b, calculating the region number d to 
which said partial vector vb belongs in accordance with the predetermined D region 
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center vectors p, to PD in the same method as said first stop, calculating a declination 
(Vb,*Pd)/{IVbriPd]) as a cosine of an angle formed by said partial vector vb. and the 
region center vector Pd indicating a center direction of the region of said region number 
d, referring to said declination partition table, calculating a number c of the belonging 
declination partition, calculating a component partition number wj of a predetermined 
range to which vbj belongs from a maximum value Of the norm of the norm partition 
corresponding to said calculated norm partition number r with respect to each 
component vbj of said calculated partial vector Vb, and calculating index registration 
data to be registered in a vector index from said partial space number b, said region 
number d, said declination partition number c, said norm partition number r, a string of 
said component partition numbers wj and the identification, number i; and a third step of 
the vector index preparation of constituting the vector index such that the identification 
number and the component of each partial vector can be searched using a ordered list 
of the partial space number b, the region number d, the declination partition number c 
and a norm partition number range (r1-r2) as a key from said norm partition table, said 
declination partition table, and said index registration data, and such that the vector 
component of each vector data can be searched with the identification number of the 
vector component." 

For claims 10 and 23, "a first step of similar vector search of dividing N 
components of Q into m ordered lists in the same predetermined method as a method 
used in preparing said vector index with respect to said query vector Q preparing m 
partial query vectors q1 to qm calculating a partial inner product lower limit value fb as a 
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lower limit value of an a partial inner product of each partial query vector qb and the 
corresponding partial vector from a designated inner product lower limit value a, 
calculating a partial space number b, and an ordered list (c,r1, r2)) of a declination 
partition number c to be searched in a region number d and a norm partition range (r1- 
r2) from a value of an inner product pd*qb of the region center vector pd and said partial 
query vector (1b, said partial inner product lower limit value fb, and a norm partition 
table and a declination partition table in said vector index with respect to each partial 
query vector qb (b = I to m) and each region b, searching a range of said vector index 
using (r1-r2) as a search condition based on said calculated (c, r1-r2), obtaining the 
identification number 1 and the component of the partial Vector Vb satisfying the 
condition as an index search result, calculating a partial inner product difference 
(Vb*qb)-fb as a difference between a partial inner product Vb*qb of said vb and qb and 
said partial inner product lower limit value fb, and accumulating (adding) the difference 
as an inner product difference upper limit value S{i) of the identification number i of an 
inner product difference table; and a second step of the similar vector search of 
searching said vector index with the identification number i in order from a largest value 
in said inner product difference table S(i) to obtain a vector data component V, 
calculating an inner product difference value t = V*Q-a by subtracting a- from the inner 
product V*Q of V and said query vector Q, and outputting an ordered list of at least the 
identification -number i and all inner product t+a as a search result with respect to L 
pieces, at maximum of vector data with a large inner product difference value when L or 
more pieces of vector data having the inner product difference value larger than a 
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maximum value of an element having a non-calculated inner product difference value 
are collected, or when the inner products of all the vector data having a positive inner 
product difference upper limit value are calculated in said inner product difference 
table." 

For claims 11-14 and 24-29, "a first step of similar vector search of dividing N 
components of Q into m ordered lists in the same predetermined method as a method 
used in preparing said vector index with -respect to said query vector Q, preparing m 
partial query vectors q1 to qm, calculating a partial square distance upper limit value fb 
as an upper limit value of a partial square distance IVb-qbl2 (i.e..) corresponding to 
square of Euclidean distance, of each partial query vector qb and the corresponding 
partial vector vb, from a designated distance upper limit value a , systematically 
generating an ordered list (b, d, c (r1-r2)) of a partial space number b to be searched, a 
region number d, a declination partition number c and a norm partition range (r1-r2) 
from said partial query vector qb, said partial square distance upper limit value fb, and a 
norm partition table and a declination partition table in said vector index with respect to 
each partial query vector qb (b = 1 to m), searching a range of said vector index using 
said generated (b, d, c, (r1-r2)) as a search condition, obtaining the identification 
number i and the component of the partial Vector Vb Satisfying the condition as an 
index search result, calculating a partial square distance difference fb-lvb-qb| as a 
difference between said partial square distance upper limit value fb and a partial square 
distance |vb-qb|2 of vb and qb, and accumulating (adding) the difference as a square 
distance difference upper limit value S(i) of the identification number i of a square 
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distance difference table; and a second step of the similar vector search of searching 
said vector index with the identification number i in order from a largest value in said 
square distance difference table S(i) to obtain a vector data component V, calculating a 
square distance difference value a2-IV-QI2 by subtracting a square distance IV-QI2 of V 
and said query vector Q from a squared distance upper limit value a and outputting an 
ordered list of at least the identification number i and a distance (a 2t)1/2 as a search 
result with respect to L pieces at maximum of vector data with a large square distance 
difference value t when L or more pieces of vector data having the square distance 
difference value larger than a maximum value of an element having a non-calculated 
square distance difference value are collected, or when the square distance difference 
values of all the vector data having a positive square distance difference upper limit 
value are calculated in said square distance difference table." 

Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

Conclusion 

4. The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. 

Corey etal. (US. Patent No. 5.987,446) Patent date: 11/16/1999 
Agrawaletal. (US. Patent No. 5,647,058) Patent date: 07/08/1997 
DeBonet(US. Patent No. 5,819,288) Patent date: 10/06/1998 
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(Indexing large metric spaces for similarity search queries) 



Keogh et a. (page 56-67) 



Publication date : 07/28/1999 



(An indexing scheme for fast similarity each in large series database) 
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